Outcomes for patients with multiple myeloma (MM) have improved in recent years owing to use of novel agents and high-dose therapy followed by autologous stem cell transplant (ASCT). We analyzed the outcomes of 511 consecutive patients treated with novel therapies at our institution between 2006 and 2014 to determine the impact of relapse within 12 months of initiating treatment. A total of 82 patients (16.0%) experienced early relapse, with median time to relapse of 8.0 months (95% confidence interval (CI); 6.3, 8.9). Median overall survival (OS) was significantly worse for this group at 21.0 months (95% CI; 16.3, 27.2) vs not reached (NR) (95% CI; 96.3, NR) for those with late relapse (P o0.001). Survival outcomes remained poor among early relapse patients irrespective of depth of response to initial therapy. In multivariate analysis, low albumin and high-risk cytogenetics predicted early relapse. Outcomes of early relapse from early ASCT were also considered; median OS from ASCT for those relapsing within 12 months was 23.1 months (95% CI; 15.7, 32.4) vs 122.2 months (95% CI; 111.5, 122.2) for the remaining patients (P o 0.001). Early relapse remains a marker of poor prognosis in the current era, and such patients should be targeted for clinical trials.
INTRODUCTION
Outcomes for patients with multiple myeloma (MM) have improved considerably in recent years, in large part owing to widespread adoption of novel agents and high-dose therapy followed by autologous stem cell transplant (ASCT). Still, for patients who survive initial treatment, the natural history of the disease frequently involves relapse, necessitating multiple lines of subsequent therapy. Study of the clinical course of relapsed MM in the era of conventional therapies found decreased durability of response with each successive salvage regimen, 1 a finding which has been attributed to acquired drug resistance and the underlying kinetics of the disease. 2 Accordingly, time to progression has historically been considered an important prognostic factor. 3, 4 In fact, the duration of initial response identifies a group of patients with particularly poor outcomes even in the absence of conventional high-risk factors, including high-risk cytogenetics by fluorescent in situ hybridization (FISH). This has been further confirmed in the transplant setting, with reduced overall survival (OS) observed in patients relapsing within 12 months of receiving high-dose therapy and ASCT, both in the era of conventional 5 and novel agents. 6 A relevant question is whether early relapse following induction or early transplant carries similar prognostic value in the current treatment landscape, in which effective agents are used upfront and a variety of options exist for salvage therapy. In the present study, we evaluated patients treated at our institution after 2006 to assess the impact of early relapse following induction with a novel agent or after an early ASCT, as well as to identify factors that may predispose to early relapse in these two settings.
PATIENTS AND METHODS Patients
Relevant demographic, clinical and laboratory data of patients treated for MM at the Mayo Clinic (Rochester, MN, USA) are maintained in a continuously updated research database. For those who receive long-term follow-up at outside institutions, updated data are requested from patients and providers on an annual basis. For the purpose of this study, we identified all consecutive patients evaluated for MM at Mayo Clinic within 30 days of diagnosis and initiated treatment between 1 January 2006 and 31 December 2014. Patients with primary refractory disease (that is, failure to achieve at least a partial response (PR) to initial therapy) were excluded, as were patients who had continuing response but o 12 months of followup from the start of initial therapy. Those who did not receive a novel agent with induction were similarly excluded. Initial and subsequent regimens (when applicable) were noted, along with corresponding start and end dates. Date of first relapse was recorded for all evaluable patients, in accordance with the criteria described below. We additionally gathered data on an expanded, secondary cohort of patients who were seen at Mayo Clinic primarily for transplant over a similar time period. Patients in this cohort were only considered if they had received ASCT within 12 months of diagnosis. Unlike patients in the primary cohort, they did not need to be seen within 30 days of diagnosis, and in many cases, had received initial therapy at outside institutions. Additionally, they did not require induction with a novel agent and primary refractory patients were included. The study was conducted with the approval of the Mayo Clinic Institutional Review Board.
Disease definitions
Novel therapies include immunomodulatory drugs and proteosome inhibitors. Relapse was defined based on recommendations from the International Myeloma Workshop Consensus Panel. 7 Specifically, first relapse was defined as progression following induction therapy in patients who did not have primary refractory disease. Depth of response and progression were determined based on criteria defined by the International Myeloma Working Group. 8 Relapse was considered early if it occurred within 12 months of starting initial therapy. The late relapse group consisted of patients who either relapsed after this point or who had continuing response with at least 12 months of follow-up. ASCT was considered early if it occurred within 12 months of diagnosis. FISH analysis was performed, as previously described, 9 by utilization of the following probes: 3cen (D3Z1), 7cen (D7Z1), 9cen (D9Z1), 15cen (D15Z4), 11q13 (CCND1-XT), 14q32 (IGHXT), 13q14 (RB1), 13q34 (LAMP1), 14q32 (5'IGH, 3'IGH), 17p13.1 (p53), and 17cen (D17Z1). The result from these probes is reported positive when the percentage of cells possessing the evaluated abnormality falls above a prespecified cutoff (indicated below). Specificity was enhanced by immunofluorescent detection of cytoplasmic immunoglobulin light in chain in plasma cells. 9 
RESULTS
Early vs late relapse from diagnosis Five-hundred and eleven patients with newly diagnosed MM were found to meet study criteria and were included in the analysis. Baseline demographic and laboratory values, separated by relapse group, are presented in Table 1 . The median estimated follow-up for the entire cohort was 44.9 months (95% confidence interval (CI); 41.9, 49.3); 344 (67.3%) were alive at the time of analysis. Eighty-two (16.0%) patients relapsed within 12 months of starting treatment, compared with 429 (84.0%) who either relapsed after 1 year or had continuing response at the time of analysis. A total of 34 (41.5%) patients in the early relapse group had received ASCT at some point, compared with 242 (56.4%) late relapse patients (P = 0.01). Of the patients undergoing ASCT, 19 (55.8%) in the early relapse group compared with 209 (86.3%) in the late relapse group underwent ASCT before relapse (Po 0.001).
A variety of induction regimens were utilized, each incorporating an immunomodulatory drug, proteosome inhibitor or both. Early relapse was experienced by 42 (15.7%) of the 267 patients receiving lenalidomide and dexamethasone for induction, 18 (22.8%) of the 79 receiving cyclophosphamide, bortezomib and dexamethasone, 7 (15.2%) of the 46 patients receiving bortezomib, lenalidomide and dexamethasone and 8 (20.5%) of the 39 receiving bortezomib and dexamethasone. The remaining patients received various other combinations of these drugs. Of those with early relapse, 10 (12.2%) achieved complete response (CR) as best response to initial treatment, 16 (19.5%) achieved very good partial response (VGPR) and 56 (68.3%) achieved PR. In the late relapse group, best response was CR in 103 (24.0%), VGPR in 102 (23.8%) and PR in 224 (52.2%).
A total of 64 (78.0%) patients with early relapse received subsequent treatment. The remaining 18 (22.0%) did not receive additional chemotherapy, most commonly owing to patient/ provider decision or death. Among those receiving subsequent therapy, the common second-line regimens included: lenalidomide and dexamethasone (17; 26.6%), cyclophosphamide, bortezomib and dexamethasone (13; 20.3%), and bortezomib and dexamethasone (7; 10.9%). There were a variety of additional regimens used with less frequency, and only 3 (4.7%) of these did not include an immunomodulatory drug or proteosome inhibitor. Best response for second-line therapy could be assessed in 63 patients and was CR in 7 (11.1%), VGPR in 5 (7.9%), PR in 17 (27.0%), stable disease in 21 (33.3%) and progressive disease in 13 (20.6%). ASCT was a component of subsequent treatment for 15 (18.3%) patients. Overall, early relapse patients were exposed to a median of two lines of therapy (range; 1, 12), while late relapse patients were exposed to a median of 3 (range; 1, 16). More recently approved agents, including pomalidomide, carfilzomib, ixazomib and daratumumab, were available to a subset of patients In a univariate analysis considering baseline characteristics presented in Table 1 , male gender, albumin o 3.5 g/dl, beta-2 microglobulin (β2M) 45.5 mg/l, lambda light chain type, serum lactate dehydrogenase (LDH), plasma cell labeling index (PCLI) 43% and high-risk FISH were associated with early relapse. When male gender, serum albumin o 3.5 g/dl, β2M45.5 mg/l, lambda light chain type, serum LDH, PCLI43% and high-risk FISH were considered in a multivariate analysis, only albumin o3.5 g/dl and high-risk FISH retained predictive value (Table 2 ). There was additionally a trend toward association between PCLI43% and early relapse, but this did not achieve statistical significance (P = 0.07).
Early vs late relapse after early ASCT We also considered the impact of early relapse after early ASCT on prognosis. A total of 561 patients met expanded eligibility criteria for inclusion in this secondary cohort. One hundred and seventyone patients were common between the two groups. Relevant and available baseline characteristics are presented in Table 3 . The median estimated follow-up from ASCT for this cohort was 56.4 months (95% CI; 54.0, 61.2); 407 (72.5%) were alive at the time of analysis. Forty-six (8.2%) patients were primary refractory. Among the entire cohort, 33 (5.8%) patients had relapsed within 12 months of the transplant. The median OS from transplant for those relapsing within 12 months was 23.1 months (95% CI; 15.7, 32.4) compared with 122.2 months (95% CI; 111.5, 122.2) for the remaining patients (Figure 3 ; P o 0.001). In the early relapse group, 6 (18.1%) patients received maintenance therapy following ASCT compared with 125 (23.6%) in the late relapse group (P = 0.532). In a univariate analysis considering variables in Table 3 , serum β2M, bone marrow plasma cells, bone marrow plasma cells at diagnosis and PCLI43% were associated with early relapse. Data on high-risk FISH were incomplete for this cohort and therefore were not considered. In multivariate analysis, only PCLI43% remained predictive (hazard ratio (HR) 1.5, P o0.001).
DISCUSSION
The improvement in outcomes for patients with MM following introduction of novel therapies has been clearly demonstrated in recent years. 10, 11 Benefit has been seen across multiple dimensions but has been observed especially in terms of response rates and OS. In the present manuscript, median OS was 103.3 months or approximately 8.6 years from the start of treatment for the entire cohort. Although these numbers select only for those who were sufficiently healthy to receive chemotherapy and excluded patients with primary refractory disease, the overall success of the current therapeutic approach remains considerable, particularly when compared with historical controls. At the same time, relapse is recognized as an inevitable consequence of the disease, and we have identified a subpopulation for whom survival outcomes are both statistically and clinically inferior. Patients who relapse within 12 months of initiating therapy with novel agents, irrespective of transplant status or depth of response, have markedly reduced survival times. Despite the availability of potent therapies that have transformed the management of MM, this group remains at high risk for poor outcomes.
In this study, we additionally evaluated impact of early relapse in patients who had proceeded to ASCT within 12 months of diagnosis. The appropriate timing of ASCT in the management of MM remains subject to debate, with limited data examining the effect of early ASCT on survival. [12] [13] [14] Still, it is a common approach to proceed to high-dose therapy and ASCT as a means of minimizing exposure to chemotherapeutic agents; therefore, early relapse following early ASCT was regarded as an important prognostic variable in our analysis. We relaxed inclusion criteria in order to capture a larger population of these patients who largely had received induction and subsequent treatment regimens at outside facilities but had been seen at our institution for the purpose of ASCT. The 33 patients from this cohort who experienced relapse early following ASCT experienced poor OS, mirroring the results from the primary cohort. This strengthens the observation that early relapse is likely a reflection of aggressive tumor biology, independent of commonly employed management strategies in the current treatment landscape.
Time to progression has previously been demonstrated as an important prognostic factor in the era of conventional agents. 3, 4 However, conventional treatment was notoriously poor, both in terms of generating a response and improving survival. It would therefore fit with expectations that patients with aggressive myeloma biology, manifesting as early progression, would experience worse outcomes. This question has additionally been considered in the post-ASCT setting, with findings that relapse within 12 months of ASCT was associated with reduced OS. 5 In that study, novel agent exposure was associated with improved median OS following relapse (15.9 vs 4.5 months, Po 0.01). Furthermore, early data have suggested that novel therapies may be able to overcome traditional sources of resistance and, consequently, limit the impact of underlying, aggressive tumor Figure 1 . OS from the start of therapy. Kaplan-Meier curve demonstrating difference in OS between early and late relapse patients.
Early relapse in myeloma N Majithia et al biology. [15] [16] [17] [18] [19] Although this might be the case in certain settings, the present data suggest that time to progression remains an important prognostic variable in the current era, with patients who experience early relapse from induction with a novel agent representing a uniquely high-risk subpopulation.
The findings from our study are related to but distinct from recently published analyses by Jimenez-Zepeda et al., 6 who investigated early relapse post-ASCT in patients treated with novel agents. Median OS was found to be significantly shorter at 20 months for those who relapsed within 12 months of ASCT vs 93 months for those without early relapse (P = 0.001). The present study focused on patients who relapsed within 1 year of initiating therapy, and the majority (76.8%) had not received ASCT at the time of relapse; among these, ASCT was a component of subsequent therapy for 15 (18.3%). However, the results from the secondary cohort of ASCT patients we studied does provide a more direct correlation and confirmation of these results. Jimenez-Zepeda et al. 6 found high-risk FISH in only one of 27 early relapse patients; this contrasts with the early relapse group in our study, which was characterized by high-risk FISH in nearly twothirds of patients. Despite these differences, the findings from the two studies are related by the similar conclusion that the kinetics of the disease should be respected, even in the presence of novel agent alternatives. It is worth noting that our data set was not able to capture clonal evolution of cytogenetic abnormalities from time of diagnosis to relapse, as FISH was not uniformly performed at relapse. This is a data point that might be incorporated into future studies to further enhance understanding of this disease process.
Our group has recently assessed the impact of depth of response to induction therapy on outcomes in the era of novel therapies. 20 In that study, patients with primary refractory disease were found to have worse outcomes compared with those who achieved at least a PR to initial treatment. Further, patients who achieved a depth of response that was at least VGPR experienced longer median OS compared with those who only attained PR. The current study places those findings into context, serving as a reminder that response durability must be considered along with response depth when assessing prognosis. In the present report, we evaluated survival outcomes in relation to depth of initial treatment response and found that attaining CR or VGPR conferred no measure of protection. In fact, patients who relapsed from PR actually possessed the longest median OS among the group. Prior reports have identified comparatively rapid relapses and shorter survival times in patients with high-risk cytogenetics, including t(4;14) and del(17)p. 21, 22 In such cases, rapid decrease in tumor burden may be observed, reflective of high proliferative activity, though this is frequently not sustained. 23 A large portion of the early relapse group in our study possessed these cytogenetic abnormalities, which may account for the aggressive disease behavior and poor outcomes.
The retrospective design of this study does limit the scope of its conclusions. However, this is the largest known series reported on this patient population, and the findings are supported by related studies, as discussed above. Most importantly, the data highlight a group of patients for whom outcomes continue to remain unsatisfactory. Subsequent therapies used for early relapse patients were largely similar to those utilized as first-line therapy, and in some cases, patients were rechallenged with the identical regimen used during induction. The number of patients proceeding to highdose therapy and ASCT or entering clinical trials was comparatively small. Although not all such patients were candidates for aggressive second-line treatment, the poor prognosis conferred by early relapse status should alert providers to the high-risk nature of this population. When available, such patients should be considered for clinical trials, ideally designed to identify agents that can overcome the aggressive plasma cell biology that appears to underlie this manifestation of disease. Early relapse in myeloma N Majithia et al
